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Ecological restoration, vegetation landscape engineering and habitat construction are the major 
objectives of disaster prevention related to river engineering.  In order to achieve these objectives, 
the vegetation materials which might reduce soil erosion and runoff and create spaces for breeding 
and habitat are commonly used in river management construction.  Therefore, it’s important to 
carefully select the vegetation material by taking its characteristics and the soil solidity of its root 
system as the major considerations.  Saccharum spontaneum L., which has the strong capabilities of 
bearing humidity, drought and wind, usually gathering by the riverbed and sandy soil, is the invasion 
grass of dominant species in the riverside. This study selects Saccharum spontaneum L. as the root 
sample for pullout test and discusses its characteristics and mechanism of root strength. The statistical 
regression analysis was performed to formulate the relationships of pullout resistance of root system 
(Pr), the growth characteristics of grass and the field site environment and eventually to set up pullout 
resistance models for this particular grass.  The growth characteristics of Saccharum spontaneum L. 
are consisted of the grass number (N), the grass length (L), the diameter near ground (D), the grass 
weight of upper part above ground (Wu) and lower part under ground (Wr). On the other hand, the 
field site environment refers the moisture water content of soil (Sw).  It is expected that the 
developed pullout resistance model will reflect Saccharum spontaneum L.’s characteristics and soil 
steady of root system and provide a referral for vegetation material choice in landscape engineering.  














































































































(1999) 研 究 泥 岩 地 區 之 刺 竹 (Bambusa 
stenostachya Hackel)、鐵刀木(Cassia siamea 
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Lamarck) 、 摩 鹿 加 合 歡 (Albizia falcata 
Backer)、大葉桃花心木(Swietenla macrophylla 








(Pluchea indica) 與 苦 藍 盤 (Clerodendron 
inerme)之引拔抗力與其地際直徑呈指數正相
關。陳等(2002)於台灣中橫公路崩塌地建立台






















圖 1. 草地之曼寧粗糙係數與逕流水深之關係(Coppin and Richards, 1990) 






圖 2. 不同草地型態之粗糙係數(n值)(USSCS, 1954) 





































圖 3. 研究流程圖 
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圖 4. 清水溪流域位置圖（調查地點：加走寮溪瑞興橋上游） 









Figure 5. Illustration of field test areas.
甜根子草之特性如下所示： 














































水土保持學報 37(2)：139-154 (2005) 











植株根系下 12cm 內土壤含水率百分比。 
 
圖 6. 引拔抗力試驗示意圖 
Figure 6. Pullout test of Saccharum spontaneum L. 
 
圖 7. HydroSense 土壤水分測量顯示器 















方程式中，以 α 0.05≤F值 ＝ 者先進入方程式






1. R2 ：迴歸決定係數 (Coefficient of 
determination,相關係數平方) 
2. S：標準差(Standard error) 
3. RSS：殘差平方和 (residual sum of 
squares) 


















膨脹係數(Variance inflation factors, VIF)
加以檢測。 
有關 F、VIF、PRESS 及 RSS 及
PRESS 殘差絕對值之計算式分別如下： 
( ) ( )
2
2
R pF = 1-R n-p-1   
            
1V IF = 21 -R i
   
                       
( )∧   ∑ ∑
2n n 2
i i , -i i , -i
i=1 i=1
PRESS= y -y = e   
 




RSS= y -y    
            
n n
PRESS y - y = ei , -ii i , -ii=1 i=1








合性存在。 y i , - i
∧
為不含第 i 點之迴歸推估




置，以進行剔除。通常 RSS 及 PRESS 最小值，
可做為最佳模式選擇之標準(Myers,1986)。 
依據研究目的考量所需之變項，再將所
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圖 8. 甜根子草試驗各變數示意圖  
Figure 8. Illustration of model parameters for 
Saccharum spontaneum L. 
重和性檢定，當 VIF 值大於 10 時，表示該變








上，以 R2 及 RSS 為考量，式(1-b)優於其他










圖 9. 模式 1-a之甜根子草根力模式標準化殘
差圖 
Figure 9. Standard residual of pullout resistance 
model of Saccharum spontaneum L. 
圖 9. 模式 3-d之甜根子草非破壞性根力模式
標準化殘差圖 
Figure 9. Standard residual of non-destructive 
pullout resistance model 1-9 of 






















































表 1. 迴歸模式適稱性與預測性檢定 
Table 1. The diagnosis for choice of best model.
Model R2 RSS PRESS PRESS殘差絕對值 
1-a 0.926** 6204.661 7314.893 434.485 
1-b 0.927** 6119.670 7384.490 453.315 
1-c 0.927** 6128.070 7406.379 419.195 
2-a 0.927** 6055.691 7734.453 460.095 
3-a 0.852** 12379.675 13697.83 648.30 
3-b 0.856** 12008.1 14546.19 670.7 
5-a 0.991*** 1.908345 1.987584 84.5005 
5-b 0.992*** 1.752016 1.827005 7.956 
**註：在顯著水準為 0.05 時，相關顯著。***註：在顯著水準為 0.01 時，相關顯著 
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表 2. 甜根子草重合性檢定（VIF） 















L 9.593 9.469 9.661 10.171 5.445 64.833 
Ra 3.076 3.088 2.932 3.097 - - 
Wud 3.255 - - 7.074 - - 
Rh 7.704 8.111 7.962 8.280 - - 
Twd - 3.033 - - - - 
Wu - - 3.602 - - - 
Wrd - - - - - - 
D - - - - 5.445 64.833 
表 3. 甜根子草植株含水量百分比敘述統計 
Table 3. Descriptive statistic of plant body and moister water content of soil. 
敘述統計 
 個數 最小值 最大值 平均數 標準差 
地上部含水量百分比（％） 50 37.66 93.80 63.4200 11.3458 
地下部含水量水百分比（％） 50 23.10 93.90 46.4360 19.2163 
土壤含水量（％） 50 3.00 8.8 4.988 1221.0 
有效的 N (完全排除) 50     
 
 
2Pr = 0.216L+50.57Ra +0.144Wud-0.549Rh , R = 0.926** (n=50)                  -----(1-a) 
2Pr = 0.231L+49.960Ra +0.06957Twd-0.613Rh , R = 0.927** (n=50)               -----(1-b) 
2Pr = 0.212L+54.507Ra +0.06097Wu -0.592Rh , R = 0.927** (n=50)                -----(1-c) 
2Pr = 0.225L+49.528Ra +0.103Wud-0.598R+0.44Wrd , R = 0.928** (n=50)            - - - - - (2-a) 
2Pr = 82.507Ra+0.186Wud-0.01913Wrd+0.266Rh , R = 0.862** (n=50)                ----(2-b) 
( )2Pr = 0.168L+0.142D , R = 0.852** 16.6 D 203.7  78 L 143.62  ≤ ≤ ≤ ≤ ( n = 5 0 )          - - - - - ( 3 - a ) 
( )0.343 0.406 2Pr = L D  , R = 0.985** 16.6 D 203.7  78.0 L 210.0  ≤ ≤ ≤ ≤ (n=50)              - - - - - (3-b) 
( )2Wud = 0.383Wu , R = 0.936** 16 Wu 555≤ ≤ (n=50)                                -----(4-a) 
( )2Wrd = 0.554Wr , R = 0.820** 5 Wr 494≤ ≤ (n=50)                                  -----(4-b) 
( )2Wud = 0.414Wu , R = 0.993** 16 Wu 555≤ ≤ (n=43)                                -----(4-c) 
( )2Wrd = 0.729Wr , R = 0.981** 5 wr 373≤ ≤ (n=46)                                  -----(4-d) 
( )12.618 2Wu = D  , R = 0.992*** 16.6 D 203.7≤ ≤ (n=47)                                 -----(5-a) 


















相關係數 1.000 .425(**) .060 
顯著性 (雙尾) . .002 .679 地上部含水百分比（％） 
個數 50 50 50 
相關係數 .425(**) 1.000 .099 
顯著性 (雙尾) .004 . .494 地下部含水百分比（％） 
個數 50 50 50 
相關係數 .060 .100 1.000 




個數 50 50 50 
相關係數 1.000 .286(**) .008 
顯著性 (雙尾) . .004 .933 地上部含水百分比（％） 
個數 50 50 50 
相關係數 .286(**) 1.000 .022 
顯著性 (雙尾) .004 . .827. 地下部含水百分比（％） 
個數 50 50 50 
相關係數 .007 .033 1.000 





個數 50 50 50 
相關係數 1.000 .377(**) .009 
顯著性 (雙尾) . .007 .952 地上部含水百分比（％） 
個數 50 50 50 
相關係數 .377(**) 1.000 .033 
顯著性 (雙尾) .007 . .819 地下部含水百分比（％） 
個數 50 50 50 
相關係數 .006 .044 1.000 





個數 50 50 50 
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圖 10. 模式 5-a之甜根子草非破壞性根力模
式標準化殘差圖 
Figure 10. Standard residual of non-destructive 
pullout resistance model 3-5 of 
Saccharum spontaneum L. 
 
圖 11. 模式 5-b之甜根子草非破壞性根力模
式標準化殘差圖 
Figure 11. Standard residual of non-destructive 
pullout resistance model 3-7 of 































Pr = 0.216L+50.57Ra +0.144Wud-0.549Rh 



















在 78.0cm 至 143.62cm 之間，地際直












Wu = D12.618 , 
R2=0.992***   -----(5-a) 
Tu = D16.18 , R2=0.993***    -----(5-b) 
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